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EXECUTIVE SUMMARY

The mission of Oil and Gas Environmental Program of the U.S. Department of Energy (DOE)
Office of Natural Gas and Petroleum Technology (ONGPT) is to enhance the production of domestic oil and
gas while minimizing environmental impacts associated with the recovery of these resources. To achieve
these goals, ONGPT’s Oil and Gas Environmental Program advocates informed, risk-based environmental
regulation. The ONGPT Environmental Program provides technical support for risk-based decision-
making, as well as the development of best practices and guidelines that contribute to informed
environmental regulation. The Office of Natural Gas and Petroleum Technology previously developed
comprehensive measures or “metrics” that estimate the expected future contribution of Oil and Gas
Environmental Program activities to such national goals as economic strength, environmental protection,
and energy security. Specifically, the environmental metrics analyses estimate the compliance cost savings
expected from Oil and Gas Environmental Program activities in the areas of risk assessment, regulatory
advocacy, and technology development. These cost savings are used to forecast the economic and energy
resources which, in the absence of the ONGPT Environmental Program, might otherwise be lost due to
rising environmental compliance costs. Results of the 1996, 1998, and 2000 environmental program metrics
analyses predict significant public benefits from ONGPT Environmental Program activities. Future
compliance cost savings translate to increased domestic oil and natural gas production because lower well
costs extend the profitable operating life of oil or natural gas wells. In turn the incremental increase in oil
and natural gas production impacts broader economic measures such as industry revenues, Federal and state
revenues and royalties, and direct and indirect employment.

The purpose of a retroactive analysis of the Oil and Gas Environmental Program is to provide a
“look back” at actual Environmental Program activities to estimate the actual past and current impact of the
ONGPT Oil and Gas Environmental Program. The retroactive Environmental Program metrics analysis is
intended to complement the previous forward-looking metrics analyses. The underlying technical approach
for the retroactive metrics corresponds to the technical approach of previous forward environmental metrics.
The results of the retroactive metrics analysis may be compared to earlier forward environmental metrics
analyses to determine how well previous metrics analyses predicted future environmental compliance
requirements and ONGPT Environmental Program outcomes. One objective of the retroactive
environmental metrics analysis is to estimate the past and current impact of ONGPT Environmental
Program activities during 1996 to 2000. An additional objective is to estimate the future impact of current

program activities for the years 2000 to 2005, up to the start of the 2000 forward environmental metrics
analysis.

Model results from the retroactiveé metrics analysis indicate that during 1996 to 2000, ONGPT
Environmental Program activities contributed an estimated 100 million barrels of incremental oil and 600
billion cubic feet of incremental natural gas that otherwise might not have been produced. During the same
period, the ONGPT Environmental Program is estimated to have provided more than $5.4 billion in
environmental compliance cost savings and more than $1 billion in total government revemue.
Environmental Program activities are estimated to have contributed almost 8,000 labor-years of direct
industry employment, or approximately 1,600 industry jobs. During the ten-year period from 1996 to 2005,
the Environmental Program is expected to contribute almost 329 million barrels of oil and almost 1.9 trillion
cubic feet of natural gas. During the same period the ONGPT Environmental Program is estimated to
provide more than $9.7 billion in environmental compliance cost savings and $4.3 billion in total
government revenue. From 1996 to 2005, Environmental Program activities are estimated to contribute
more than 27,000 labor-years of direct industry employment, or approximately 2,700 industry jobs.
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1. INTRODUCTION

1.1 Background and Objectives

During the period 1996 to 2000, the U.S. Department of Energy Office of Natural Gas and
Petroleum Technology (ONGPT) conducted three metrics analyses of the Oil and Gas Environmental
Program. The purpose of these metrics analyses were to quantify the future public benefits expected from
ONGPT activities in the areas of environmental regulatory advocacy, environmental risk assessment,
environmental compliance technology development, and technology transfer. In each of the Environmental
Program metrics analyses developed for 1996, 1998, and 2000, ONGPT forecasts the expected future
Impact of program activities directed at supporting domestic oil and natural gas production while promoting
an effective level of environmental protection. These forward-looking environmental metrics analyses
estimate the future impact or “benefit” of the ONGPT Environmental Program in terms of potential impact
on U.S. oil and natural gas production, adjusted industry revenues, Federal and state revenues and royaltles
employment, and environmental compliance cost savings.

The Office of Natural Gas and Petroleun Technology, in conjunction with the National Petroleumn
Technology Office, recently completed a retroactive environmental metrics analysis for the period 1996 to
2000. The purpose of the retroactive environmental metrics analysis is to estimate the past and current
impact of the Oil and Gas Environmental Program, and determine whether Environmental Program
activities were as effective as predicted by the earlier metrics analyses. This report documents the technical
approach, assumptions, and results of the first ONGPT Environmental Program retroactive metrics analysis
conducted during March through August 2000. The objectives of the retroactive environmental metrics
analysis are the following:

o Estimate the past impact of ONGPT Environmental Program act1v1tles for the years 1996 to
2000.

¢ Estimate the current and near-term impact of ONGPT Environmental Program activities for the
years 2000 to 2005, to capture Environmental Program benefits up to the point at which the
2000 forward environmental metrics analysis begins.

This report provides a brief review of the technical approach of the forward environmental metrics
analyses followed by a more detailed discussion of the technical approach developed for the retroactive
metrics analysis. The combined oil and gas analytical model results for the retroactive metrics are presented
and compared to corresponding results from the 1996, 1998, and 2000 forward environmental metrics.
Appendix A provides the separate oil model and gas model retroactive metrics results. Appendix B contains
documentation of the unit costs, analytical model cases, and supporting information for each of the
environmental compliance issues included in the retroactive metrics analysis.

1.2 Overview of Forward Environmental Metrics Analysis

The 1996 Environmental Program metrics analysis was originally developed in response to the
Government Performance and Results Act of 1993 (GPRA) which requires U.S. federal agency programs to
provide a comprehensive assessment of budget priorities and to quantify specific program contributions to
national strategic goals. In response to GPRA, DOE’s Office of Natural Gas and Petroleum Technology
compiled a set of measures, or “metrics,” to describe and quantify direct benefits expected to result from
program activities in the areas of regulatory advocacy, risk assessment, environmental technology
development and technology transfer. The various metrics used to measure program contribution provide
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regulators and policy-makers with critical information for planning, developing and sustaining oil and gas
environmental requirements that will maximize public benefits.

The basic analytical approach for the ONGPT Environmental Program metrics was developed for
the 1996 metrics analysis and subsequently updated for the 1998 analysis. The technical approach of the
2000 metrics analysis was further enhanced to provide a more realistic assignment of estimated
environmental compliance costs to individual reservoirs. The technical approach of the 1996 environmental
metrics analysis and the subsequent enhancements for the 1998 and 2000 environmental metrics are

documented in three technical reports previously prepared for the Office of Natural Gas and Petroleum
Technology:

* DOE Oil and Gas Environmental Program Metrics 1996 Analysis and Results, Jane 1997.

* DOE Oil and Gas Environmental Program Metrics 1998 Analysis and Results, February 1999,
prepared for ONGPT under DOE Contract No. DE-AC01-95FE62467, Task 3

* DOE Oil and Gas Environmental Program Metrics 2000 Analysis and Results, August 2000,
prepared for ONGPT under DOE Contract No. DE-ACO01-95FE62467, Task 12

The unit environmental costs developed for the previous environmental metrics analyses are used in
the retroactive metrics analysis. The detailed environmental cost analyses for individual environmental
compliance issues are documented in the reports listed above. Consequently, the detailed cost calculations

and supporting documentation are not reproduced in this report but may be found in each of the three
previous environmental metrics reports.

The mission of the Office of Natural Gas and Petroleum Technology Environmental Program is to
support the production of domestic oil and gas while minimizing environmental impacts associated with the
recovery of these resources. The two primary components of the ONGPT Environmental Program are:

* Regulatory advocacy and risk assessment designed to encourage more informed, risk-based
outcomes in future regnlatory development, and

® Research and development of new technologies and practices that reduce the costs associated
with environmental compliance efforts.

Both components of the Oil and Gas Environmental Program provide direct benefits in the form of
compliance cost savings. By informing the regulatory process through advocacy and risk assessment
efforts, the Environmental Program contributes to the development of cost-effective regulations that protect
the environment and minimize unnecessary regulatory burdens on the domestic oil and gas exploration and
production industry. The Department of Energy’s research and assessment of environmental technologies’
contribute to the development of lower cost, environmental compliance strategies which meet regulatory
compliance obligations and allow for the greatest possible resource recovery. New technologies that
provide lower cost compliance strategies allow oil and gas producers to achieve a level of environmental
protection at a lower cost. In turn, lower compliance costs extend the economic operating life of oil and gas
wells and increase the ultimate recovery of crude oil and natural gas. Through the Oil and Gas
Environmental Program, DOE facilitates the development and transfer of new compliance technologies and
practices, which together support cost effective regulatory compliance and increased domestic production.

Tangible program benefits accrue to oil and gas producers from environmental compliance cost
savings that result from ONGPT Environmental Program activities. The expected cost savings from
regulatory advocacy, risk assessment, and technology development activities also impact broader economic
‘and energy metrics such as crude oil and natural gas production, government revenues and royalties,
industry revenue, and direct and indirect employment. The benefits associated with ONGPT ’s 01l and Gas
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Environmental Program are calculated using an “expected value” approach. This probabilistic approach
estimates unit compliance costs expected from environmental requirements that may be imposed upon the
oil and gas industry in the future. Future environmental program benefits are estimated based upon the
probability that program activities will either minimize unnecessary loss of domestic production and
reserves due to overly stringent environmental regulation, or will support new technologies that reduce
environmental compliance costs associated with potential regulatory requirements.

The impact of the ONGPT Environmental Program on expected compliance costs is determined by
calculating the difference in the expected compliance costs for three different cases:

e Industry plus DOE Case (“With DOE”),
e Industry Only Case (“Without DOE")

e Stringent Case

The Industry Only case represents the impact of potential future environmental requirements in the absence
of DOE regulatory advocacy and technology development activities. The Industry plus DOE case accounts
for contributions from ONGPT Environmental Program activities. For regulatory issues, the Stringent case
represents the most stringent environmental compliance alternative; for technology issues the Stringent case
represents a case of limited technology research and development by both government and industry.

For the forward environmental metrics analysis, environmental issues affecting oil and gas exploration
and production are identified and grouped into a number of categories:

e Drilling

e Produced Water Management
e Production Waste Management
* Remediation

e Air Emissions

» Underground Injection
* Spills and Releases
¢ Regulatory Streamlining.

One or more future environmental compliance scenarios are developed for each issue based upon
expectations for future environmental compliance requirements, or new and emerging environmental
technology. The scenarios represent a reasonable range in either the potential stringency of future regulatory
requirements or the potential application of future technology. An average “per well” environmental
compliance cost or cost savings is estimated for each scenario, as well as a corresponding probability of
occurrence and expected year of implementation. Different probabilities (and, in some cases, different
compliance costs) are assigned to the Industry Only (Without DOE), Industry plus DOE (With DOE), and
Stringent cases for each scenario. The different probabilities of occurrence for the With DOE, Without
DOE, and Stringent cases capture the expected contribution of the ONGPT Environmental Program to the
future outcome of the scenario.

The incremental environmental compliance costs estimated for the With DOE (Industry plus DOE),
Without DOE (Industry Only), and Stringent cases are supplied to DOE’s integrated oil and gas system
models, the Oil System Analysis Model (OSAM) and Gas System Analysis Model (GSAM).
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Environmental compliance costs are supplied to the models as capital costs (environmental investments) or
as annual compliance costs (operating costs). The incremental compliance costs are further categorized as
costs applied to new or existing, oil or gas, and onshore or offshore wells. As illustrated in Figure 1 and
Figure 2, the With DOE, Without DOE, and Stringent cases are differentiated by the magnitude of the
projected environmental compliance costs associated with each case. The difference in incremental
environmental compliance costs between the With DOE and Industry Only cases represents the benefit (cost
savings) of the ONGPT Oil and Gas Environmental Program. The environmental compliance cost savings
in turn determines the impact of the ONGPT Environmental Program on broader energy and economic
measures such as annual and cumulative production, private and public sector revenues, and environmental
investments and operating costs.

Figure 1 shows that for regulatory compliance issues, the environmental compliance costs expected
for the With DOE case are less than the expected environmental compliance costs for the Without DOE
case. The Stringent case has the greatest projected environmental compliance costs. The difference
between the With DOE case and the Without DOE case represents positive incremental costs. Figure 2
shows that for compliance technology research and development issues, the difference between the With
DOE case and Without DOE case represents a compliance cost decrement, or reduction in environmental
compliance costs due to future compliance technology research and development. Consequently, the
difference between the With and Without DOE cases is represented as negative incremental costs for
compliance technology issues.
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Figure 1. Forward Environmental Metrics; Regulatory Issues
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Figure 2. Forward Environmental Metrics; Environmental Compliance Technology Issues
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2. RETROACTIVE ENVIRONMENTAL METRICS TECHNICAL APPROACH

2.1. Overview of Technical Approach

The technical approach used for the 1996 to 2000 retroactive Environmental Program metrics
analysis is based upon the approach developed for the previous forward Environmental Program metrics
analyses. The retroactive metrics analysis evaluates actual ONGPT Environmental Program involvement
for each environmental compliance issue considered in the 1996, 1998, and 2000 metrics analyses.
Reservoir-level mcremental environmental compliance costs are developed for three cases: a With DOE
case, an Industry Only case, and a Stringent case. The benefit or impact of the ONGPT Environmental
Program is expressed as the difference between the With DOE case and the Industry Only case. Following
is an overview of the technical approach for the Environmental Program retroactive metrics analysis:

e Identify past and current environmental compliance issues that had direct impact or potential
impact on oil and gas exploration and production activities.

e Determine the current or baseline scenario for each issue, ‘what actually happened.” Develop
a stringent or “worst case” scenario for each issue that represents the most stringent feasible

outcome of pending and proposed environmental requirements for the period 1996 to the
present.

e For each issue, develop an “industry only” scenario that represents the environmental
requirements or compliance outcome that might have occurred in the absence of the ONGPT
Environmental Program.

e For each environmental issue considered, estimate the incremental unit compliance costs and

applicable years, or timing, which represent the baseline, stringent, and industry only
scenarios.

* Provide the unit compliance costs and applicable years to the Oil and Gas Environmental
Cost Model. The Oil and Gas Environmental Cost Model calculates incremental compliance
costs for each environmental issue for each model case: With DOE, Industry Only, and

Stringent, and applies the incremental costs for each environmental issue to individual
IEeSErvoirs.

e From the environmental cost model, generate reservoir-level incremental environmental cost
files for each model case. Input the incremental environmental costs to the Qil and Gas
System Analysis Models, OSAM and GSAM.

o Obtain OSAM and GSAM results for each model case: With DOE, Industry Only, and
Stringent. The difference between the model outcome for the Industry Only case and the

model outcome for the With DOE case represents the total impact of the ONGPT Oil and Gas
Environmental Program.

Figure 3 is a schematic illustration of the retroactive environmental metrics concept. The baseline
case represents actual environmental requirements for the period 1996 through 2000. Environmental
compliance costs for the baseline case are assumed to be actual average industry environmental compliance
costs. Incremental environmental compliance costs are zero for the baseline case. By definition, the With
DOE case for the retroactive environmental metrics analysis is also the baseline case, so the incremental
environmental compliance costs for the With DOE case are also zero. The Stringent case is represented by
positive incremental environmental compliance costs, and the Industry Only case is estimated to represent
an outcome between baseline and the Stringent case requirements. As with the forward environmental
metrics analyses, the impact of the ONGPT Environmental Program is represented as the difference between
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the With DOE case and the Industry Only case. The following sections of this report will discuss various
elements of the retroactive metrics concept and technical approach in more detail.
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Figure 3. Retroactive Environmental Metrics
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2.2. Retroactive Environmental Metrics Model Cases

Three analytical cases are modeled for the retroactive metrics analysis. The retroactive metrics
cases correspond in concept and name to the model cases developed for the 1996, 1998, and 2000
Environmental Program metrics analyses. This allows comparison between the retroactive metrics model
results and the previous forward environmental metrics analyses.

Industry plus DOE Case (With DOE Case). The Industry plus DOE, or With DOE case, accounts
for the impact of the ONGPT Oil and Gas Environmental Program, as well as the oil and gas exploration
and production industry’s environmental compliance research and development, and industry-led regulatory
advocacy efforts. Because the retroactive environmental metrics analysis represents a “look backwards” on
the period 1996 to 2000, the With DOE case must represent the current scenario for the period - actual
environmental compliance costs with existing technology. By definition the environmental compliance
costs for the With DOE case are represented by actual baseline compliance costs, so incremental
environmental compliance costs for the With DOE case are zero. Appendix B contains unit cost summary
sheets for each environmental issue included in the retroactive metrics analysis. The baseline scenario
representing the With DOE case for each issue is described on the individual summary sheets in Appendix
B. The estimated incremental compliance costs for all the baseline scenarios in Appendix B are zero because
the baseline or With DOE case represents actual current and past compliance costs.

The baseline environmental cost files supplied to the Oil and Gas System Analysis Models (OSAM
and GSAM) were reviewed and updated for the retroactive metrics analysis. The baseline environmental
compliance costs used for the 1996 environmental metrics analysis were used as a starting point. A new set
of baseline environmental costs was developed for each year of the retroactive environmental metrics
analysis, 1996 to 2000. The new baseline environmental compliance cost files, which comprise the With
DOE case, incorporate new environmental compliance cost data available since 1996. Sources of data used
to update the baseline environmental compliance costs are listed at the end of this report. The retroactive
metrics analysis was also projected forward to 2005 to capture the near term. impact of current
Environmental Program activities up to the point at which the 2000 forward environmental metrics
commences. The environmental compliance costs for the With DOE case (baseline) for the period 2001 to
2005 were estimated by increasing the 2000 baseline environmental compliance costs by 3 percent annually.

Stringent Case. For regulatory issues, the Stringent case represents the most stringent feasible
outcome of proposed and pending regulatory requirements during the period 1996 to 2005. The Stringent
case is not intended to be the “worst case” imaginable. Instead, the Stringent case represents the
incremental environmental compliance costs that were expected to result from the most stringent
environmental requirements or alternatives that were proposed or pending during the 1996 to 2000. The
Stringent case provides a feasible upper boundary to the retroactive metrics analysis and illustrates “what
was at stake” in previous efforts to balance regulatory compliance costs and environmental benefits. The
difference between the Industry plus DOE case (With DOE case) and the Stringent case indicates the costs
to industry, the economy, and the public sector which could be imposed by needlessly stringent
environmental compliance requirements.

For environmental compliance technology issues, the Stringent case represents limited technology
research and development and a lower level of technology transfer and technology penetration. For
technology issues, the higher compliance costs of the Stringent case represent the level that environmental
compliance costs might have reached without government and industry efforts to develop cost-effective
compliance technology.

Appendix B contains summary sheets for each environmental issue included in the retroactive
‘metrics analysis. Each summary sheet describes the Stringent scenario and lists the corresponding estimated
environmental compliance cost. The unit compliance costs for the retroactive metrics Stringent case were
compiled from the Stringent scenarios developed for the environmental compliance issues included in the
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1996, 1998 and 2000 metrics analyses. For example, “Offshore Drilling Waste Management” is an
environmental compliance issue that is included in each of the forward environmental metrics analyses, as
well as the retroactive metrics analysis (Appendix B, issue 3). The Stringent regulatory scenario for this
issue is the potential future imposition of a zero-discharge effluent limitation for Cook Inlet, Alaska and the
Gulf of Mexico Federal offshore areas. The incremental unit cost to comply with future limitations on
offshore discharge of drilling wastes is estimated to be more than $600,000 per new well in the Gulf of
Mexico and more than $1 million per new well in Cook Inlet. For the retroactive metrics analysis, the
Stringent scenario for Offshore Drilling Waste Management remains the zero-discharge scenario; the
estimated stringent compliance costs avoided by industry plus DOE Environmental Program activities are
$600,000 per new well in the Gulf of Mexico and $1 million per new well in Cook Inlet, Alaska.

Industry Only Case (Without DOE Case). The Industry Only case represents the incremental
environmental cost outcome that might have occurred without the participation of the DOE Qil and Gas
Environmental Program. For each environmental issue, an incremental compliance cost for the Industry
Only scenario is calculated by estimating the past level of DOE Environmental Program activities, and
representing the effectiveness of program activities by a program “impact factor” ranging from 0.05 to 1.00.
The incremental compliance cost for the Stringent scenario is then multiplied by the DOE Environmental
Program impact factor to estimate an incremental environmental compliance cost for the Industry Only
scenario. The DOE Environmental Programn impact factor establishes the likely incremental cost of
environmental compliance in the absence of DOE regulatory advocacy or technology development
activities. For example, the Environmental Program impact factor estimated for the retroactive metrics
issue, “Offshore Waste Management” (Appendix B, Issue 3) is 0.50. Using the program impact factor, the
Industry Only incremental environmental compliance cost for the Offshore Waste Management Issue is
estimated as follows:

Industry Only Incremental Cost = (Stringent Case Incremental Cost — With DOE Incremental Cost) x
(Estimated Program Impact Factor)

= ($600,000/new Gulf of Mexico well — $0/new offshore well) x (0.50)

= $300,000/new well

The Industry Only case represents the estimated level of regulatory advocacy and compliance
technology research and development that the oil and gas industry could support in the absence of DOE.
The Industry Only scenario is not explicitly described for each environmental issue in Appendix B. Instead,
relevant ONGPT Environmental Program activities are listed for each issue and a program impact factor is
shown. For the retroactive environmental metrics analysis, the incremental compliance costs for the
Industry Only scenarios are calculated by the Oil and Gas Environmental Cost Model using the Stringent
scenario incremental costs, the With DOE compliance costs. (baseline costs) and the program impact factors
for each issue. The Oil and Gas Environmental Program impact factors were determined for each issue by
consensus of the members of the Office of Natural Gas and Petroleum Technology and National Petroleum
Technology Office Environmental Teams. The program impact factors that are selected for each issue
represent hours of discussion and review of past ONGPT/NPTO Environmental Program activities and
program effectiveness. The ranking of types of Environmental Program activities shown in Table 2-1 was
developed as starting point and guide for the Environmental Team’s review of past program activities.
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Table 2-1. Oil and Gas Environmental Program Impact Factors

legulatory Issues

Estimated
Environmental
Program
Impact Factor

Passive comments on rulemaking. Written

0.05-0.15
comments.
Active comments on rulemaking. Fund analysis that
. . 0.15-0.25
provides basis for comments.
Facilitate dialogue between Industry and '
Government. 0.10-0.25
Collect data on industry practices. Help establish 0.20 - 0.30
baseline practices for rulemaking process. : i
Active data collection for rulemaking process that 0.30 - 0.50
involves new research. i i
Substantial involvement throughout the rule-
making process from initial facilitation of
stakeholder dialog and data collection through risk- 0.50 - 0.75
based regulatory analysis to development of i :
guidance documents and compliance workshops for
stakeholders.
Estimated
Environmental
Technology Program

Impact Factor

Provide some project funding with resulting “report
on shelf.”

0.05 - 0.15

Fund cooperative research agreements such us
Petroleumn Environmental Research Forum.

0.15-0.25

Fund initial project development stage: concept
tests, seed money, pilot projects, etc. Others entities
develop the emerging technology to the stage of
commercial application.

0.25 - 0.50

Fund research at various points in the R&D process
and at various levels of funding.

0.25 - 0.50

The most comprehensive package of technology
development from initial design through
commercialization of the technology. Fund initial
risk assessment and modeling of potential
regulatory and economic impacts, pay for most
R&D and technology transfer. Example: NORM,
salt caverns disposal, DOWS

0.50-0.75

0151RP.DOC

13
- DRAFT

ICF

COoONSULTING



2.3. Retroactive Environmental Metrics, Environmental Compliance Issues

The retroactive environmental metrics analysis incorporates thirty-one environmental compliance
issues shown in Table 2-2. Table 2-2 also lists all of the environmental issues included in each of the
previous forward environmental metrics analyses. Although all of the issues included in the retroactive
metrics analysis are included in at least one of the previous forward environmental metrics analyses, not all
of the environmental issues included in the forward environmental program metrics analyses are included in
the retroactive metrics analysis. Some environmental compliance technology issues, such as produced
water volume reduction (downhole oil/water separation) and drilling waste reduction by advanced drilling
technology (slimhole drilling, horizontal drilling), are omitted from the retroactive metrics because they
represent new or emerging technologies. Despite little or no prior Environmental Program involvement
with a new compliance technology, the forward environmental metrics analyses may nevertheless project
future environmental program impact on emerging technologies. Similarly, some regulatory compliance
issues, such as reduction of regional haze, greenhouse gas emission reduction, and remediation of mercury
contamination are omitted from the retroactive environmental program metrics analysis. Although future
Environmental Program impact on these compliance issues are projected by at least one of the forward
environmental metrics analyses, current Environmental Program involvement with the issue is just
emerging, or did not develop as expected in the past.

The Environmental Program retroactive metrics analysis evaluates ONGPT Environmental Program
activities and impacts for thirty-one individual environmental issues in eight environmental issue categories
shown in Table 2-2. Appendix B contains a summary or “unit cost” data sheet for each environmental issue
within each environmental category. The unit cost data sheets summarize the critical components of the
environmental cost calculation for each environmental issue. Each unit cost data sheet summarizes the
stringent and baseline (With DOE) scenarios that were determined for each issue, as well as the unit
incremental compliance cost representing the stringent scenario. FEach unit cost data sheet contains an
estimated ONGPT Environmental Program impact factor and the estimated years of past, current, or near
term Environmental Program impact on the issues. The stringent scenario for each environmental issue in
the retroactive metrics analysis is the same as the stringent scenario for the cormresponding environmental
issue in the forward environmental metrics analyses. The incremental compliance cost calculations for the
stringent scenarios are thoroughly documented in each of the previous ONGPT Environmental Program
metrics analysis reports and are not included in this retroactive environmental metrics report.
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Table 2-2. Retroactive Metrics Analysis; Environmental Compliance Issues

Issue Included in Environmental Metrics
Environmental Compliance Issue Area Retroactive | 1996 | 1998 | 2000
Drilling and Drilling Waste Management
1. Onshore Drilling Waste Management X X X X
2. Drilling Waste Reduction by Advanced Drilling Technology X
3. Offshore Drilling Waste Management X X X X
4. Offshore Drilling; Synthetic Drill Fluids - regulatory X X X X
5. Offshore Drilling; Synthetic Drill Fluids - technology X X
6. Drilling in Wetlands - regulatory X X
7. Drilling in Wetlands; Mitigation - technology X X X X
Produced Water
8. Onshore Produced Water Disposal (Surface and Coastal) XX X X X
9. Onshore Produced Water; Volume Reduction - technology X X
10. Onshore Produced Water; Water Treatment - technology X X X X
11. Offshore Produced Water Disposal X X X X
12. Offshore Produced Water; Volume Reduction - technology X X
13. Offshore Produced Water; Lifting & Treatment - technology X X X
Production Waste Management
14. Associated Waste Management X X X X
15. Salt Cavern Disposal of E&P Waste - technology X X X
16. NORM Waste Disposal X X X X
17. NORM Management & Minimization ~ technology X X
18. NORM Contaminated Equipment Disposal - technology X X
19. Emergency Pit Upgrade/Replacement X X
) Remediation
20. Remediation; Hydrocarbon Contamination X X X X
21. Remediation; Hydrocarbon Contamination - technology X X
22. Remediation; Saltwater Contamination X X X
23. Remediation; Saltwater Contamination - technology X X
24. Remediation; NORM Contaminated Soil X X
25. Remediation; NORM Contaminated Soil - technology X
26. Remediation; Mercury Contamination X X
27. Offshore Sediment Monitoring & Remediation X X X
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Table 2-2, continued. Retroactive Metrics Analysis; Environmental Compliance Issues

Issue Included in Environmental Metrics
Environmental Compliance Issue Area Retroactive l 1996 | 1998 | 2000
Air Emissions
28. Onshore Emissions Control, MACT Rule X X X X
29. Offshore Emissions Control X X X X
30. Regional Haze X X
31. Greenhouse Gas Emissions Reduction - technology ‘ X X
32. Enhanced Air Emissions Monitoring X X
33. Risk Management Programs X X X
34. Title V Operating Permits X X
Underground Injection
35. Regulation of Hydraulic Fracturing X X X
36. USDW Protection and Injection Well Construction X X X X .
37. Area of Review; Existing Injection Wells X X X
38. Area of Review; New Injection Wells X X X X
39. Injection Well Mechanical Integrity Testing X X X
Spills, Discharge, Releases
40. SPCC Plan X X X X
41. NPDES Storm Water Permitting X X X X
42. Toxic Release Inventory (TRI) X X X X
43. Aboveground Storage Tank Leak Protection X X X
44, Certificate of Financial Responsibility X X X
Regulatory Streamlim'ng
45. Regulatory Streamlining X X X X
Total Environmental Compliance Issue Areas 31 30 39 35
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2.4. Qil and Gas Environmental Cost Model

2.4.1. General Environmental Cost Model Features

The Oil and Gas Environmental Cost Model was developed for the 1998 forward environmental
metrics analysis and modified and enhanced for the 2000 environmental metrics analysis. The Oil and Gas
Environmental Cost Model was designed to estimate the potential future environmental compliance cost
savings associated with DOE activities. Given several compliance scenarios for each environmental issue,
the Oil and Gas Environmental Cost model estimates the most likely incremental compliance cost outcome
under one of three cases: (1) stringent regulation, (2) industry activity only, and (3) industry plus DOE
activity (with DOE). The Oil and Gas Environmental Cost Model is written in Visual Basic 5 with data
storage in Microsoft Access 97. The environmental cost model output consists of six database tables that
correspond to the three cases (With DOE, Industry Only, and Stringent), with one set of database tables for
oil and another set for natural gas. These database tables are run through a FORTRAN post-process to
create data tables in a format that can be easily used by GSAM and OSAM.

As part of the 2000 environmental metrics analysis, the Oil and Gas Environmental Cost Model was
redesigned fo track environmental costs on a reservoir-specific basis (as opposed to state-level accounting,
as had previously been the case). For scenarios where cost assignments can be made based on readily
available, reservoir-specific data, those data are now used to assign the full scenario costs to the applicable
wells. For example, costs associated with scenarios applicable only to coal bed methane are applied only to
coal bed methane reservoirs as defined by the GSAM database; compliance costs associated with oil wells
in the Rocky Mountains states are only applied to oil reservoirs in the appropriate states. In other cases, no
readily available source of data can be identified for differentiating those reservoirs likely to be affected by a
particular regulatory scenario from those unlikely to be affected. In these cases, a purely random
assignment of costs is used to determine the wells to be affected or unaffected by a given regulatory
scenario. The model design ensures that the costs are applied to a particular reservoir across all three cases
(i.e., Stringent, Industry Only, and With DOE). In other words, if a reservoir is randomly assigned a
compliance cost under the With DOE case, the incremental compliance costs are applied to the same
reservoir under the Industry Only and Stringent cases.

In other cases, incomplete data are available that can be used to associate costs with particular
reservoirs. In these cases, a combination of the two approaches is used which takes advantage of the limited
amount of available data. For example, scenario costs applicable only to wells within wetlands rely upon
incomplete data regarding the co-occurrence of wells and wetlands. Specifically, the percentage of each
state that is covered by wetlands is known based on U.S. Department of Agriculture survey data. To apply
that percentage to the reservoirs in the model, both reservoirs and wetlands are assumed to be evenly
distributed across each state. Under this simplifying assumption, reservoirs can be assigned wetland-
scenario costs in proportion to the statewide area under wetlands.

2.4.2. Retroactive Metrics Environmental Cost Model

Various features of the Oil and Gas Environmental Cost Model were modified for the retroactive
environmental metrics analysis. For each environmental issue, the unit incremental compliance costs for the
With DOE (baseline) and the Stringent cases are explicitly specified, so the Oil and Gas Environmental Cost
model only estimates incremental compliance costs for the Industry Only case. An expected value or
probabilistic approach is not used to estimate the Industry Only Case. Instead, the environmental program
impact factor is explicitly specified for each issue. Although the incremental compliance costs are, for the
most part, specified to the environmental cost model, the environmental cost model features are applied so
that environmental compliance costs are applied on a reservoir-specific basis for the program
implementation years assigned to each issue. For example, although incremental compliance costs for the
Stringent case are specified to the environmental cost model and are not calculated by the model, the
environmental cost model still selects the reservoirs that full Stringent case costs are applied to.
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Furthermore, once reservoirs are selected for the Stringent case, the environmental cost model selects the
same reservoirs to calculate and apply the costs for the Industry Only case.

The incremental compliance costs for each case, With DOE, Industry Only, and Stringent, are
applied on a reservoir-specific basis for the program implementation years specified in Appendix B for each
issue. For all environmental issues, the retroactive metrics analysis captures the past and current impact of
ONGPT Environmental Program activities for the period 1996 to 2000. For some issues, however, it is
appropriate to capture the near term future benefit of current Environmental Program activities up to and
including the year 2005. The reason for the near term extension of the retroactive metrics analysis is to
capture the Environmental Program benefits for each current environmental issue up to the year at which the
issue is implemented in the 2000 forward environmental program metrics analysis. This is illustrated by an
example in Figure 4. In Figure 4, the ONGPT Environmental Program has both past, current and projected
ongoing impact on a particular environmental issue. The future program impact for 2003 to 2020 is
estimated by the 2000 environmental metrics. The retroactive environmental metrics analysis estimates the
past and current program impact for the period 1996 to 2000. If the retroactive metrics analysis stops at year
2000, the estimated near-term benefit of current and ongoing program activities during the years 2001 to
2003 are not captured by either the retroactive environmental metrics analysis or the 2000 forward
environmental roetrics analysis.
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Figure 4. Retroactive Environmental Metrics; Near Term Future Benefit of

Current Environmental Program Activities
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2.5. Integrated Oil and Gas Systems Analysis Models (OSAM and GSAM)
2.5.1. General Features of Qil and Gas Systems Analysis Models

DOE’s Oil System Analysis Model (OSAM) and Gas System Analysis Model (GSAM) are
integrated, resource-based models designed for the comprehensive assessment of the impacts of cost,
technology, infrastructure, regulatory initiatives, and development timing on U.S. oil and gas production.
The Oil System Analysis Model framework was based upon and coordinated with the peer-reviewed
modeling approach underlying DOE’s Gas System Analysis Model (GSAM). A unique feature of OSAM
and GSAM is reservoir-level analysis that evaluates exploration, development, and production at the level of
over 20,000 individual reservoirs. The oil and gas reservoirs contained in OSAM and GSAM are obtained
from the most recent release of the NRG Associates database, Significant Oil and Gas Fields of the United
States. A resource description is provided for each reservoir, which consists of resource type, production
characteristics, original-oil-place, annual and cumulative production, remaining reserves, reservoir fluid and
mechanical properties, and reservoir rock properties. In OSAM and GSAM, the resource descriptions for
the known reservoirs of the NRG Associates database are used to create a reservoir-level characterization of
the United States undiscovered resource base defined by the U.S. Geological Survey’s 1995 National
Assessment of United States Oil and Gas Resources. )

Exploration drilling decisions in OSAM and GSAM are based on the anticipated field sizes and
reservoir properties of the remaining undiscovered resource, as well as, exploration technology, market
conditions, infrastructure availability, and alternative investment opportunities. The exploration forecast is
not simply based on extrapolation of historical finding tates. Rather, exploration decision-making accounts
explicitly for the geologic characteristics, exploration history, availability of improved technologies, oil
price and the full costs associated with exploration. Reservoir development decisions are based upon an
economic evaluation of each reservoir that incorporates income from forecast production, investment and
operating costs, taxes, and forecast oil price. A discounted cash flow analysis is performed for each
reservoir, and reservoirs are scheduled for development based on their relative economic attractiveness at a
given price.

Exploration and production technology is modeled by simulating the effect of alternative
technologies on ultimate oil recovery and reservoir production profiles. Technological advance is
characterized either as a change in reservoir parameters, or as a change in economic parameters. In other
words, technological advance may increase ultimate recovery, improve reservoir productivity, or lower the
cost of production. OSAM and GSAM also feature project-specific financial decision-making, which
considers all investment and operations decisions annually on a reservoir-level basis, and incorporates
contemporary technology availability, market conditions, reservoir depletion, capital and nfrastructure
constraints, and regulatory requirements. Opportunities are evaluated on a risk-weighted, full-cost basis,
and decisions are made as to which exploration and development projects are initiated, continued, or
abandoned.

OSAM and GSAM incorporate Federal lands access scenarios that were developed for the
Department of Energy and the Bureau of Land Management for modeling of onshore lower-48 Federal lease
access and development issues. The Federal lands access and development scenarios for the With DOE and
Without DOE cases are incorporated into the Oil and Gas System Analysis Models.! The With DOE and
Without DOE cases assume different scenarios for future access to Federal lands for oil and gas exploration
and development. The Without DOE case corresponds to current trends in the availability and development
of Federal leases. The With DOE case assumes more proactive leasing and development of Federal lands.
At present, onshore Federal lands in the lower-48 states are estimated to contain 11 percent of the remaining

' The technical approach used to develop Federal lands access and development scenarios is discussed in the report, Access to Federal
Lands, Bureau of Land Management Study, prepared by ICF Consulting for U.S. Department of Energy and U.S. Bureau of Land
Management, February 2000.
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crude oil resource, 32 percent of the remaining natural gas resource, and 32 percent of the remaining natural
gas liquids resource. Between 1985 and 1998, the national total number of Federal leases declined by 62
percent and the national total acreage leased declined by 79 percent. For the period 2000 to 2020, the
Without DOE case assumes that 17 percent to 28 percent of the potential crude o1l resource on Federal lands
is produced, as well as 47 percent to 49 percent of the natural gas resource on Federal lands. The With DOE
case assumes greater access to Federal leases and less restrictive development policies. Under the improved
access scenario of the With DOE case, the Federal acreage available for lease increases by 20 percent each

year for the period 2000 to 2020, and the time between leasing and initial development is reduced by twelve
months.

As incremental environmental costs are provided to OSAM and GSAM, the models evaluate the
impact on continued reservoir operation and new development. The resource-based models appropriately
account for the fact that higher environmental costs will cause premature abandonment of some existing
wells and will delay or prevent the development of some new wells. The magnitude of these impacts
depends upon the magnitude of the incremental environmental costs. Consequently, production impacts will
be different for each of the model cases specified. Since the Environmental Program targets both oil and
natural gas exploration and development, the total impact of the ONGPT Environmental Program is the sum
of the impacts derived from GSAM for natural gas exploration and production and from OSAM for crude
oil exploration and production. The expected impact of the DOE Oil and Gas Environmental Program on
incremental environmental compliance cost savings and other measures such as production, employment,
public sector revenues, and royalty are determined by adding together the GSAM and OSAM outputs. The
model results can also be compared against projected Environmental Program expenditures to estimate the
present value of program benefits against dollars spent to sustain these activities (i.e., program dollar spent
per barrel of oil or Mcf of gas; program dollars spent per dollar of public sector revenue received).

2.5.2. Retroactive Metrics Modifications to the Oil and Gas System Analysis Models

The Oil and Gas System Analysis Models are integrated resource-based models that are designed to
forecast the future impacts of changes in exploration and production costs, technology, infrastructure,
resource base, regulatory initiatives, and exploration and development timing. For forward-looking analyses
such as the future environmental program metrics, the oil and natural gas price tracks in the models, as well
as base year parameters such as production, generally correspond to the Reference Case of the current
Energy Information Administration, Annual Energy Outlook (AEO).

For the retroactive environmental metrics analysis, OSAM and GSAM parameters were modified
5o that the oil and gas production predicted by the models for the Baseline case for years 1995 through 1999
correspond to historical production to within 10 percent. The projected oil and gas production predicted by
the models for the years 2000 to 2005 matches the 2000 AEO Reference Case. Similarly, the oil and natural
gas price tracks for the years 1995 through 1999 correspond to the annual average of actual prices for each
year, and future price tracks for the period 2000 to 2005 correspond to the 2000 AEO Reference Case. The
retroactive environmental metrics analysis provided a first-time opportunity to modify the oil and gas
analytical models to match prior production and evaluate the results. In consideration of the time limitations
for completing the retroactive metrics analysis, as well as the level of precision in the incremental cost
analysis, an acceptable match of model-predicted production to both historical production and the 2000
AEO was determined to be 10 percent. Appendix C compares total oil and gas production predicted by
OSAM and GSAM with historical production and the 2000 AEO. The production match achieved for both
models is within less than 10 percent in all years. For the oil model, the maximum variance for a single year
is 5 percent. The average annual difference between model-predicted oil production and historical or AEO
production for the period 1995 to 2005 is 2.4 percent. For the gas model, the maximum variance for a single
year is 7 percent and the average annual difference during the period 1995 to 2005 is 4.9 percent.
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3. RETROACTIVE ENVIRONMENTAL METRICS RESULTS

The results tables included in this section contain the combined results of the oil and gas analytical
models. This means that that production, costs, revenue, etc. from both the oil and gas models are added
together. For example, the natural gas production reported in Table 3-1 and Table 3-2 includes natural gas
production from gas wells, as well as associated gas production from oil wells. Similarly, oil production
reported in Table 3-1 and Table 3-2 includes the natural gas liquids or condensate production reported by
GSAM, as well as the crude oil production projected by OSAM.

Table 3-1 reports the annual ONGPT Environmental Program impact for the period 1996 to 2005 as
determined by the retroactive environmental metrics analysis. The results reported in Table 3-1 are the
difference between the Industry Only case and the With DOE case (Baseline). Table 3-2 reports the total
annual impact of the ONGPT Environmental Program in conjunction with industry efforts. The results
reported in Table 3-2 are the difference between the With DOE case (Baseline) and the Stringent case.
Table 3-2 represents the total estimated benefit derived from the combined efforts of industry plus the DOE
Environmental Program to avoid the Stringent case outcomes for the various environmental issues
considered.

Table 3-3 reports curnulative ONGPT Environmental Program impact for the periods 1996 to 2000
and 1996 to 2003, for comparison with cumulative results reported for the 1996 forward environmental
metrics analysis. Table 3-3 also reports the cumulative Environmental Program impact for the period 1998
to 20035, for comparison with the 1998 Environmental Program metrics, as well as the period 2000 to 2005
for comparison with the 2000 Environmental Program metrics. Table 3-4 reports the total curmlative
impact of ONGPT Environmental Program efforts together with industry efforts to deter stringent regulatory
outcomes.

For the five-year period from 1996 to 2000, ONGPT Environmental Program activities contributed
an estimated 100 million barrels of incremental oil and 600 billion cubic feet of incremental natural gas that
otherwise might not have been produced. During the same period, the ONGPT Environmental Program is
estimated to have provided more than $5.4 billion in environmental compliance cost savings and more than
$1 billion in total government revenue. Environmental Program activities are estimated to have contributed
almost 8,000 labor-years of direct industry employment, or approximately 1,600 industry jobs.

If an estimated future benefit of current ONGPT Environmental Program activities is mtu\red,
during the ten-year period from 1996 to 2005, the Environmental Program contributes alrrost 329 million
barrels of oil and almost 1.9 trillion cubic feet of natural gas. During the same p riodi'he ONGPT
Environmental Program is estimated to provide more than $9.7 billion in environmental sompliancé cost
savings and $4.3 billion in total government revenue. From 1996 to 2005, Environmental Program activities
are estimated to contribute more than 27,000 labor-years of direct industry employment, or approximately
2,700 industry jobs.

The overall percentage contribution of the ONGPT Environmental Program can be estimated for the
period 1996 to 2005 by comparing the cumulative results from Table 3-3, ONGPT Environmental Program
Impact, with the cumulative results for the Stringent case shown in Table 3-4. For example, during 1996 to
2000, the total benefit of industry plus DOE working together to avert the Stringent case contributed an
estimated 258 million barrels of oil and 2.65 trillion cubic feet of natural gas. Approximately 107 million
barrels of this incremental oil production, or 41 percent, may be attributed to ONGPT Environmental
Program activities. Approximately 609 billion cubic feet of incremental gas production, or 23 percent, may
be attributed to the ONGPT Environmental Program. Similarly, from 1996 to 2000, an estimated $22.8
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billion in total of compliance cost savings resulied from avoiding the Stringent case. Approximately, $5.4
billion, or almost 24 percent may be attributed to the ONGPT Environmental Program.
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Table 3-3. Retroactive Metrics Combined Oil and Gas Model Results;
Cumulative ONGPT Environmental Program Impact
(Industry with DOE Case) — (Industry Only Case)

Industry with DOE Case —
Industry Only Case 1996 - 2000 1996 - 2005 1998 -2005 | 2000 - 2005
Oil & NGL Production, Million Barrels 107 329 323 261
Gas Production, Bef 609 1,892 |- 1,867 1,514
Total Adjusted Industry Revenue,
Million $ : $2,491 $8,476 $8,350 $6,918
Total Royalties, Million $ $312 $1,083 $1,068 $889
Total Federal Royalties, Million $ $120 | $479 $497 $413
Total Environmental Investments, T
Million $ -$4,396 ( -36,586 %3337 -$2,680
Total Environmental O&M Costs,
Million $ $1,051 $3120 ) .geessl -szar0
Operator Severance Taxes, Million $ $119 $452 | $434 \ $372
State Income Taxes, Million $ $32 $174 $166 \ $157
Federal Income Taxes, Million $ $769 $3,236 ! $3,068 \ $2,753
State Government Revenues, Million $ $211 $864 $848 $734
Federal Government Revenues,
Million $ $828 $3,476 | $3,316 $2,960
Total Government Revenues, Million $ $1,039 $4,340 \ $4,163 $3,694
Industry Employment, Job-Years 7,973 27,124 26,718 \22, 137
Total Employment, Job-Years 22,423 76,286 75,146 \62,260
;5,0—0—5,/080
I e
et ~q 2. ¢
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Table 3-4. Retroactive Metrics Combined Oil and Gas Model Results;
Cumulative Total ONGPT Environmental Program plus Industry Impact
(Industry with DOE Case) — (Stringent Case)

Industry with DOE Case
— Stringent Case 1996 - 2000 1996 - 2005 1998 - 2005 | 2000 - 2005
Qil & NGL Production, Million Barrels 258 794 755 622
Gas Producﬁon, Bef 2,645 6,727 6,014 4,848
Total Adjusted Industry Revenue,
Million $ $8,138 $24,817 $22 863 $19,132
Total Royalties, Million $ $1,029 $3,190 $2.946 $2,480
Total Federal Royalties, Million $ $261 $945 $947 $803
Total Environmental Investments,
Million $ -$15,728 -$20,752 -$7,592 -$6,129
Total Environmental O&M Costs,
Million $ -$7,073 -$14,788 -$11,624 -$9,245
Operator Severance Taxes, Million § $417 $1,295 $1,183 $1,002
State Income Taxes, Million $ $342 $769 $575 $491
Federal Income Taxes, Million $ $4,244 $11,491 $9,648 $8,252
State Government Revenues, Million $ $889 $2,536 $2.232 . $1,895
Federal Government Revenues, '
Million $ $4,374 $11,964 $10,122 $8,653
Total Government Revenues, Million $ $5,263 $14,500 $12,353 $10,548
Industry Employment, Job-Years 26,041 79,413 | 73,160 61,223
Total Employment, Job-Years 73,239 223,350 205,763 172,189
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4. RETROACTIVE METRICS RESULTS COMPARED WITH PREVIOUS
ENVIRONMENTAL PROGRAM METRICS

The tables in this section compare the cumulative results from the retroactive metrics results with
corresponding curmulative results from the 1996, 1998, and 2000 forward environmental metrics analyses.
Table 4-1 compares the cumulative results from the With DOE minus Industry Only case for the retroactive
metrics and 1996 environmental metrics. Table 4-2 compares the cumulative results from the With DOE
case minus Stringent case for the retroactive metrics and the 1996 forward environmental metrics. Both
Tables 4-1 and 4-2 show remarkable agreement between the retroactive metrics results and the 1996 forward
environmental metrics. This suggests that the 1996 environmental metrics forecast of the future impact of
the ONGPT Environmental Program is corroborated by the “look backward” provided by the retroactive
metrics analysis.

Table 4-3 compares the cumulative retroactive metrics results with the 1998 forward environmental
metrics. Because a Stringent case was not developed for the 1998 environmental metrics analysis, Table 4-3
only provides the results of the With DOE case minus Industry Only case. Table 44 shows the cumulative
model results for the With DOE minus Industry Only case for the retroactive metrics, as well as the
corresponding model results from the 2000 environmental metrics analysis. Table 4-5 presents the model
results for the Stringent case for both the retroactive metrics analysis and the 2000 environmental metrics.

The retroactive metrics model results for the period 2000 to.2005 represent a near-term future
projection of current ONGPT Environmental Program activities. At the level of individual environmental
compliance issues, the retroactive metrics results represent the impact of ONGPT Environmental Program
activities for the period from 1996 up to the year in which the issue is implemented in the 2000 forward
environmental metrics. Consequently, the retroactive metrics model results for 2000 to 2005 provide an
estimated incremental Environmental Program benefit that should be added to the Environmental Program
benefit projected by the 2000 environmental metrics analysis. For example, in Table 4-4 the 2000
environmental metrics analysis forecasts 514 million barrels of incremental oil production from future
ONGPT Environmental Program activities during 2000 to 2005. The 2000 environmental metrics model
results incorporate estimated future ONGPT Environmental Program impacts on compliance technologies
such as downhole oil/water separation and regulatory issues such as greenhouse gas emissions - issues
which are not included in the retroactive metrics analysis. The retroactive metrics analysis forecasts a total
of 261 million barrels of incremental oil production resulting from current Environmental Program impacts
on individual environmental compliance issues during the years before the issues’ 2000 environmental
metrics analysis. The total impact of ONGPT Environmental Program activities for the period 2000 to 2005
may be estimated as the sum of the model results from the retroactive metrics analysis and the
corresponding model results from the 2000 environmental metrics analysis. Consequently, the total
Environmental Program impact on incremental oil production for the period 2000 to 2005 may be estimated
as 775 million barrels. Similarly, Table 44 shows that the total Environmental Program impact on
incremental gas production for 2000 to 2005 may be estimated as approximately 3.0 trillion cubic feet.
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Table 4-1. Retroactive Metrics Combined Qil and Gas Model Results;
Cumulative Total ONGPT Environmental Program Impact;

Comparison with 1996 Forward Environmental Metrics Results

Industry with DOE Case — Industry Retroactive Metrics 1996 Environmental Metrics
Only Case 1996-2000 | 1996-2005 | 1996-2000 | 1996 - 2005

Qil & NGL Production,
Million Barrels 107 329 90 310
Gas Production, Bef 609 1,892 350 1,010
Total Adjusted Industry Revenue,
Million $ $2,491 $8,476 $2,400 $8,000
Total Environmental Costs .
(Investments plus O&M), Million $ -$5,446 -$9,715 -$2,900 -$8,700
State Government Revenues,
Million $ $211 $864 $200 $800
Federal Government Revenues,
Million $ $828 $3,476 $700 $2,800
Total Government Revenues,
Million $ $1,039 $4,340 $900 $3,600
Industry Employment,

Job-Years 7,973 27,124 7,680 25,600
Total Employment, Job-Years 22,423 76,286 22,187 73,781
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Table 4-2. Retroactive Metrics Combined Oil and Gas Model Results;
Cumulative Total ONGPT Environmental Program Plus Industry Impact;

Comparison with 1996 Forward Environmental Metrics Results

Industry with DOE Case - Retroactive Metrics 1996 Environmental Metrics
Stringent Case 1996-2000 | 1996-2005 | 1996-2000 | 1996 - 2005
Oil & NGL Production,
Million Barrels 258 794 600 1,600
Gas Production, Bef 2,645 6,727 4,000 9,500
Total Adjusted Industry Revenue, -
Million $ . $8,138 $24,817 $14,890 $44,900
Federal Government Revenues,
Million $ $4,374 $11,964 $4,000 $13,600
Total Government Revenues,
Million $ $5,263 $14,500 $5,100 $17,600
Industry Employment,
Job-Years 26,041 79,413 47,650 143,680
Total Employment, Job-Years 73,239 223,350 134,030 404,120
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Table 4-3. Retroactive Metrics Combined Oil and Gas Model Results;

Cumulative Total ONGPT Environmental Program Impact;

Comparison with 1998 Forward Environmental Metrics Results

1998
Industry with DOE Case — Industry Rﬁ;ﬁ:’e Envll\l,;;?rl;zmal
Only Case
1998 - 2005 1998 - 2005
Oil & NGL Production, Miliion
. Barrels 323 305
| Gas Production, Bef 1,867 2,111
Total Adjusted Industry Revenue, '
Million $ ' $8,350 $9,728
Total Royalties, Million $ $1,068 $1,169
Total Federal Royalties, Million $ $497 $603
Total Environmental Costs » '
Investments plus O&M), Million $ -$5,990 -$7,793
State Government Revenues, .
Million $ ) $848 $1,285
Federal Government Revenues,
Miilion $ $3,316 $3,933
Total Government Revenues,
Million $ $4,163 $5,217
31,130
Industry Employment, Job-Years 26,718
75,146 87,551

Total Employment, Job-Years
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Table 4-4. Retroactive Metrics Combined Oil and Gas Model.Results;

Cumulative Total ONGPT Environmental Program Impact;

Comparison with 2000 Forward Environmental Metrics Results

2000
. Retroactive Environmental
Industry with DOE Case — Industry Metrics Metrics
Only Case
2000 - 2005 2000 - 2005
Oil & NGL Production, Million :
Barrels 261 514
Gas Production, Bef 1,514 1,543
Total Adjusted Industry Revenue,
Million $ $6,918 $10,632
Total Royalties, Million $ $889 $1,330
Total Federal Royalties, Million $ $413 $485
Total Environmental Costs
(Investments plus O&M), Million $ -$5,050 -$10,957
State Government Revenues,
Million $ $734 $1,000
Federal Government Revenues,
Million $ $2,960 $5,314
Total Government Reventues,
Million $ ‘ $3,694 $6,314
Industry Employment, Job-Years 22,137 36,000
Total Employment, Job-Years 62,260 94,000
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Table 4-5. Retroactive Metrics Combined Oil and Gas Model Results;
Cumulative Total ONGPT Environmental Program Plus Industry Impact;
Comparison with 2000 Forward Environmental Metrics Results

2000
. } Retroactive Environmental
Industry with DOE Case — Stringent Metrics Metrics
Case:
2000 - 2005 2000 - 2005

Oil & NGL Production, Million

Barrels 622 877
Gas Production, Bef 4,848 2,226
Total Adjusted Industry Revenue,

Million $ $19,132 $17,5652
Total Royalties, Million $ $2,480 $2,166
Total Federal Royalties, Million $ $803 $520
Total Environmental Costs

(Investments plus O&M), Million $ -$15,374 -$13,905
State Government Revenues,

Million $ $1,895 $1,777
Federal Government Revenues,

Million $ $8,653 $10,173
Total Government Revenues,

Million § $10,548 $11,950

, 2

Industry Employment, Job-Years 61,223 56,200
Total Employment, Job-Years 172,189 158,000
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5. DATA SOURCES
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U.S. EPA, 1993, Economic Impact Analysis of Final Effluent Limitations Guidelines and Standards of
Performance for the Offshore Oil and Gas Industry, EPA-821/R-93.001.
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APPENDIX C. OILAND GAS MODELS PRODUCTION MATCH

Oil Production: Comparison of OSAM with Historical Production and

Projected Production (1995 - 2000)
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Gas Production: Comparison of GSAM with Historical and Projected
Production (1995 - 2005)
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